In a recent paper Birge and Menzel pointed out that if hydrogen had an isotope with mass number two present to the extent of one part in 4500, it would explain the discrepancy which exists between the atomic weights of hydrogen as determined chemically and with the mass spectrograph, when reduced to the same standard.
point.
These samples and ordinary hydrogen were investigated for the visible, atomic Balmer series spectra of H' and H' from a hydrogen discharge tube run in the condition favorable for the enhancement of the atomic spectrum and for the repression of the molecular spectrum, using the second order of a 21 foot grating with a dispersion of 1.31A per mm. When with ordinary hydrogen, the times of exposure required to just record the strong H' lines were increased 4000 times, very faint lines appeared at the calculated positions for the H2 lines accompanying H' P, H'p and H'5 on the short wavelength side and separated from them by between 1 and 2A. These lines do not agree in wave-length with any known molecular lines and they do not appear on the plates taken with the discharge tube operating under conditions favorable for the production of a strong molecular spectrum and the repression of the atomic spectrum. With or-* Publication Approved by the Director of the Bureau of Standards of the U. S. Department The H' lines are broad as is to be expected for close unresolved doublets, but they are not as broad and diffuse as the H' lines, probably due to the smaller Doppler broadening. The H'n line is resolved into a close doublet v ith a separation that agrees within the accuracy of the measurements with the observed separation for H'n.
Relative abundances were estimated by comparing the times required to just record photographically the corresponding H' and H' lines. The relative abundance of H' and H' in natural hydrogen is estimated to be about 1:4000 and in the concentrated samples about five times as great.
'HE possibility of the existence of isotopes of hydrogen has been discussed for a number of years. Older discussions involved Prout's hypothesis and dealt with the question as to whether hydrogen consisted of a mixture of isotopes, one having an atomic weight exactly one, and another or others with integral values, in such proportions as to give an average atomic weight of 1.008. The result of an exact determination in 1927 with the mass spectrograph by Aston' of the atomic weight of the hydrogen isotope of massnumber one not only proved that it is not integrally equal to unity but the agreement with the chemically determined value was so close that it was considered unlikely that hydrogen had more than the single isotope of mass-number one. The discovery of the oxygen isotopes by Giauque and Johnston' in 1929 showed that the chemical standard of atomic weights was not the same as that used by Aston and that agreement between the chemical determinations and Aston's values should not be expected. When the atomic weights of hydrogen as determined chemically and by the mass spectrograph are reduced to a common standard, the previous apparent agreement is destroyed and they differ. Birge and Menzel' showed that this discrepancy could be explained by the presence of an isotope of hydrogen of mass-number two, present to the extent of one part in 4500.
Quite independently of such a quantitative basis of prediction as is furnished by the agreement or disagreement of the atomic weights determined chemically and with the mass spectrograph, one may be led by other lines of reasoning to expect heavier isotopes of hydrogen and helium, as well, even though the atomic weights reduced to a common standard do agree, for it is only necessary to assume that they are so rare that they can not be Birge and Menzel' remark that the discovery of a hydrogen isotope of higher mass-number by the methods of molecular spectra would be difficult though not impossible. The maximum abundance of an isotope of mass-number 2 which can be expected is that given by Birge and Menzel for if any isotope of higher mass number were present the abundance of the isotopes would all necessarily be less. It seemed essential to find some way of concentrating the heavier isotopes if they were to be detected by spectroscopic methods. Any of the various methods used for concentrating isotopes should be more effective in the case of these isotopes of hydrogen because of the large ratio of masses. Of these methods, that of fractional distillation should give the largest supply with the least effort. This method has been tried in a number of cases"" but with little success except in the case of neon. ' (1) the rotational and vibrational energies of the molecules are the same in the solid and gaseous states and thus need not be considered in the calculations of vapor pressures; (2) the free energy' of the solids can be calculated from the Debye theory of the solid state, assuming that the 0's of the three solids are inversely proportional to the square roots of the molecular weights; (3) the free energy of the gas is given by the free energy equation of an ideal monatomic gas.
At equilibrium, the free energy of the gas is equal to the free energy of the solid, and since all the quantities may be evaluated, we may calculate the vapor pressures of the isotopic molecules. The free energy and entropy of hy- 
Because of the small volume of solid hydrogen the I' V term may be neglected without serious error. The quantity 8 is the zero point energy (Nullpunktsenergie) and must be included. " The function C'(M, T) may be obtained from the Debye theory of specific heats. '
Solving these equations for ln P after equating (1) and (4) and dividing through by RT, we have:
The only terms on the right of (5) by a current of about 1 ampere at 3000 to 4000 volts; the radiation was sufficiently intense to record the O'P and H'y lines in about 1 sec. , though the lines were broad and unresolved under these conditions. By greatly decreasing the current and increasing the exposure time to about 16 sec. , it was possible to resolve the O'P line into a doublet, but a simple calculation showed that the time of exposure necessary to record the isotope lines under conditions necessary to resolve them would be prohibitively long. We therefore worked with the high current density in order to decrease the exposure time.
The usual method of securing clean atomic hydrogen spectra by Howing moist hydrogen through the tube was not used, as the samples were limited in amount. They were not moistened by saturation with ordinary water since we did not wish to contaminate them with ordinary hydrogen from the water. The sample of hydrogen was contained in a glass bulb with two stopcocks attached in series so that a small sample of hydrogen {about 2 cc) could be admitted to the discharge tube at one time. The stop-cock grease was a disadvantage since it was probably the source of the cyanogen bands in our tube which was troublesome when working with H6. The hydrogen gas was either, not moistened at all, in which case the molecular spectrum was rather strong, or, it was moistened by attaching near the electrodes small side tubes containing copper oxide or, by admitting oxygen gas in small amounts. The copper oxide in the side tubes was reduced by atomic hydrogen diffusing in from the discharge tube and water was formed. When oxygen was used, some of the oxygen bands and lines appeared which, however, caused no trouble. None of these methods of suppressing the molecular spectrum was as effective as the Homing stream of moist hydrogen gas and at times the molecular spectrum became intense in spite of all our efforts to keep the tube in a good black stage.
Before working on the evaporated samples of hydrogen, ordinary hydrogen was tried first in order to overcome any difficulties in the method of ex-" R. W. Wood, Proc. Roy. Soc. (London) 9'7, 455 (1920) weak that the measurements of their positions were very difficult, the agreement obtained was considered satisfactory. The H'y line appeared as a slight irregularity on a microphotometer curve of the plate 34t but could not be measured with the comparator. The measurements on other plates taken of the atomic spectrum of ordinary hydrogen run very much the same, sometimes with other observed molecular lines on them. The average displacements of the H' lines from all plates taken with ordinary hydrogen are given in Table II . for ordinary hydrogen and for sample I, although there were fewer molecular lines on sample I plates than on ordinary hydrogen plates. From this it was concluded that there was no appreciable increase in the concentration of the isotope H' in sample I evaporated from six liters of liquid hydrogen at atmospheric pressure over that in ordinary hydrogen and that at 20'K, the vapor pressures of the H'H' and H'H' isotopic molecules must be nearly, if not actually equal. The mean wave-length displacements of the H' lines from the H' lines on these plates are given in Table II . The agreement with the calculated displacements is better than in the case of ordinary hydrogen. This may indicate a greater ease of measurement due to an increased photographic density of the H lines on sample I plates from which it might be concluded that there was a slight increase in the concentration of the heavier isotope. a, C. UZZY, R G. BRICERZDDZ, AND C. M. MURPHY When observations were made on samples II and III evaporated just above the triple point, the H' lines stood out so clearly from the background that there was no longer any possibility of confusing them with the molecular lines and no further measurements of the molecular lines were made. The measurement of the positions of the H' lines on these plates relative to the ghosts of the H' lines could be made with ease. The mean displacements listed in Table II Although the intensity of the main line is about the same for both exposures, the H'P line is considerably more intense in the second case showing the increased concentration. is 4339.282. Mercury got into our discharge tube due to various efforts we made to depress the molecular spectrum in the stationary gas. This occurred while we were working with samples II and III. On some plates this mercury line appears as a very faint black edge on the broad atomic line. In other cases, it was more intense and appeared as a very sharp line. separation secured in this way is from 0.10 to 0.12A. These latter figures are the more reliable and agree with the observed separation of the H'n line of 0.135A, being somewhat lower than the value for the well resolved line as is to be expected for partially resolved lines. Fig. 3 shows a microphotometpr curve of this line. By itself it is not entirely convincing because of the irregularities due to grain size of the plate. That the resolution is real is proven by visual observation of the plate.
RELATIVE ABUNDANCE
When using ordinary hydrogen, the H'P line appears as a rather sharp line lying in a clear part of the plate between the region of halation from the main line and the main line itself. As the time of exposure is increased, the irradiated region and the region of halation build up the disuse background of the plate so rapidly that the H' line does not become more distinct. However, in the case of sample II and sample III, the H' lines come out with a very much greater distinctness so that it is possible to secure these lines without bad halation from the main line. Thus there is no doubt that there has been a very distinct increase in concentration of the H' isotope relative to the H' isotope in the process of evaporation. It is dificult, however, to give an exact estimate of the relative abundance from the intensity of spectral lines which lie so close together with one so much more intense than the other. Moreover, a comparison of exposure times is not entirely satisfactory because we note that the H' lines are distinctly sharper than the H' lines so that if the same amounts of energy were emitted by the two varieties of atoms, the H' lines should appear to be the more intense, since this energy would fall in a narrower region on the plate. Comparison of the relative intensities of the ghosts of the H' lines and the H' lines meets with this same difficulty for the ghosts are distinctly more di6use than the H' lines. The best that can be done, therefore, is to give rather rough estimates of the relative abundance judging from times of exposure.
In the case of ordinary hydrogen, it was found that when the discharge tube was running with such an intensity that the H' lines could be recorded within one second, that it required somewhat more than an hour to just de- tect the H' lines. It is, therefore, estimated that the relative abundance of the isotopes in ordinary hydrogen is about 1 in 4000 or less. We believe that the estimate of Birge and Menzel based on the atomic weights is consistent with our observations and that their estimate is probably the more reliable.
In the case of sample II, the H'P and H'y lines could be photographed in ten minutes and the corresponding H' lines in one second. From this it is estimated that the relative abundance of H' in sample II was 1 in 600, but this, it is believed, is too high because in this case the discharge tube was running better than before and it should have been possible to photograph the H lines in less than a second. Again, the intensities of the ghost lines produced by the grating used are about 1j200th of the intensities of the main lines and the H' lines have an intensity equal to about 1/4th of that of the ghost lines as determined by relative exposure times of 1 to 4. This gives a 0. This is about the best estimate that we were able 
